Abstract. The effect of thawing conditions on the quality of mechanically deboned beef (MDB) and mechanically deboned pork (MDP) recovered using a pressure-based Inject Star deboner was investigated. Samples were recovered using a freshly disinfected machine, and immediately packed in 3 kg portions in high density polyethylene (HDPE)-coated cartons or in Cryovac vacuum bags. Three methods of thawing were used: microwave thawing and thawing at +4°C and at +2l°C. All samples were analysed chemically and microbiologically immediately after thawing. Microwave thawing resulted in a better quality product (P<0.05) than thawing at +4°C or at +2l°C.
Introduction
Very few studies on thawing conditions of frozen mechanically deboned meat have been published. Selmeci et al. (1) investigated the differences between microwave and room temperature thawing on mechanically deboned meat from ribs, backbones and leg bones as compared with fresh unfrozen meat. The main differences were in the a w -values and in the contents of fat, moisture, calcium and phosphate.
Due to the faster thawing technique the moisture contents and the a w -values were higher in samples thawed by microwaves than in those defrozen at room temperature. Although the microwave thawing of mechanically deboned meat has not been extensively studied, much work has been done to determine the efficiency of microwaves in the inactivation of microorganisms. Most research reports claim that heat not microwaves themselves kills microbes (2) . Moreover, it has also been claimed that microwaves affect certain microbial activities in a way that cannot be due to heat alone.
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Therefore, it has been suggested that microwaves could cause some changes in microbiological systems which cannot be wholly explained by the thermal energy generated by dielectric molecules (3).
Taoukis et al. (4) reported that thawing of frozen raw materials is integral to many food manufacturing processes. It is important to optimize thawing rates in order to avoid microbial problems, chemical deterioration and water loss due to dripping or dehydration. The development of microwave equiment that achieves a more uniform power distribution and a better control of microwave heating by combining lower frequency microwave generation with convection heating or cooling allows the exploration of such systems on an industrial scale. Tempering or partial thawing of meat products with microwaves prior to processing is currently practiced (5).
Freezing itself, if performed sufficient rapidly, has little demonstrable effect upon colour, flavour, odour or juiciness of meat after cooking. Frozen storage, however, results in a gradual decrease in odour and flavour acceptability. The methods of freezing and of packaging and the storage time and temperature have a significant effect on the maintenance of a satisfactory quality level. Tight-fitting, moisture-proof packaging and constant storage temperatures of 18°C or lower are the most critical requirements. Odour and flavour changes occur mainly in the fatty constituents of meat, pork being more susceptible to such changes than beef or lamb. Microwave and dielectric heating can be employed to effect rapid thawing (6, 7).
The effect of packaging material on the storage properties of mechanically deboned meat has not been extensively studied. On the other hand, extensive information is available on the packaging of fresh meat. For example, it has been shown that microbiological spoilage is at its lowest when controlled atmosphere packaging in a carbon dioxide atmosphere is used (8) . The second best alternative is a vacuum pack, followed by packing under nitrogen, and the worst alternative is unpackaged meat.
Studies have also shown (8, 9) De Zutter and van Hoof (10) studied the microbiological characteristics of the fluid exuded from beef in a vacuum pack, and showed that the fluid is very susceptible to microbiological spoilage even during a short storage period. The effects of lactic acid bacteria, and the penetrability of the packaging material during the deterioration of vacuum packaged beef have also been studied. Vacuum packaged beef was shown to deteriorate at + 5°C, even in the absence of noticeable microbial contamination. The meat spoiled, although it was vacuum-packaged in a film with poor oxygen penetration properites (1 cm 3 0 2 /mV24 h/atm) and the spoilage rate increased with the penetrability of the packaging material (11) .
Even a three week storage period could be achieved with a vacuum pack, if the storage temperature was +1... + 3°C (12) .
Mechanical deboning is more economical than hand boning. Because all the meat can thus be recovered and used in meat products, the aim of this invetigation was to evaluate the effect of thawing conditions on the quality of frozen, mechanically deboned meat.
Materials and methods

Experimental Procedure
The research was carried out at the production plant Osuusteurastamo Karjaportti in Mikkeli, and at the Finnish Meat Research Centre in Hämeenlinna. The machine used in the tests was a pressure type Inject Star (P-60) deboning machine (Hollstein-Fuhrman, Vienna, Austria). Methods used for evaluation of the quality of mechanically deboned meat were as presented earlier by Riikonen (13, 14) .
Statistical analysis
The results were analysed statistically using a Multiplan graph method and the WindowsExel graph programme. The three-dimensional 3D Graph programme was also used. Analyses were carried out from three samples in duplicate. Standard deviations were calculated for all the variables studied during storage. Two tailed t-tests were used to evaluate differences between the various thawing conditions.
Results and Discussion
The composition of the MDM and MDP samples used is presented in Figure 1 and the effects of thawing on a frozen sample of MDB in Figures 2-3 
and of MDP in Figures 4-5.
A rapid rise in the population of bacteria was detected in the vacuum-packaged samples thawed at + 21°C temperature (Figs. 3 and 5) . The difference between microwave thawing and thawing at +2l°C was significant (P<0.05). This was also indicated as a falling in pH from 6.05 to 5.80 in MDB and from 6.33 to 6.20 in MDP samples (P<0.05). This is in agreement with the observation of Newsome et al. (15) , who showed that vacuum packaging causes a shift in the microflora from a predominance of aerobic spoilage organisms to lactic acid bacteria. As a result of the impermeability of the packaging film, carbon dioxide builds up inside the vacuum package. The change in atmosphere within the vacuum package causes a decrease in the percentage of aerobic organisms, such as pseudomonads, and an increase in the percentage of lactic acid bacteria (Figs. 3 and 5) . Standard deviations varied in MDB samples from 0.14 to 0.33 and in MDP samples from 0.13 to 0.33. Differences between microwave thawing and thawing at +2l°C and +4°C were significant (P<0.05). Some lactic acid bacteria may even be stimulatedby increased carbon dioxide concentrations (8) . Moreover, lactic acid bacteria are capable of producing organic acids, hydrogen peroxide, and/or bacteriosides which may further inhibit spoilage microorganisms.
When the samples were thawed at +2l°C the free fatty acid (FFA-%)-value in MDPsample was the highest, 1.46 after 16 weeks (PC0.05).
No samples packed in vacuum bags were available in the thawing at +4°C after storage for 16 weeks (Fig. 4A) . pies were also analysed after 20 weeks of frozen storage, but analysis of the MDP was discontinued after 16 weeks, because of the poorer keeping qualities of the pork.
The number of bacteria in meat may increase by contamination during freezing operations. However, freezing kills a small proportion of all the microorganisms present in meat; more of them die during frozen storage, but this process occurs rather slowly (approximately 5% of the population per month) at temperatures of about 2o°C. Gram-negative rods are more susceptible than gram-positive cocci. Spores remain unaffected, whereas e.g. vegetative cells of Clostridium perfringens die rapidly. Dispite these effects bacterial levels may be very high in thawed beef. The timerequired for thawing of frozen meats depends Fig. 2 . Comparison of different methods of thawing of condition in MDB. Analysis by A) free fatty acid value (FFA %), B) thiobarbituric acid value (TBA mg/kg) and C) peroxide value (milliequivalent oxygen/kg). ZERO = results after one day, C = carton packaging and V = vacuum packaging, e.g. 12CW = carton packaging after on the temperature of the meat and its thermal capacity, the thawing medium and its temperature and circulation, the size of the unit being thawed, and other lesser factors (6, 7) . Although microorganisms do not grow faster on thawed meat than on fresh meat, the product is very perishable as soon as the surface temperature increases above O°C.
It is often stated that thawed meat is more perishable than fresh meat that has never been frozen, because of the drip exuded from thawed meat, which is a good medium for microbial growth. However, the growth rate of bacteria on thawed meat is not very different from the rate on equivalent non-frozen meat. Meat that has been frozen and thawed in commercial practice, however, commonly carries much more bacteria than the equiva- Fig. 3 . A) The aerobic microbial counts, log(cfu/g) and B) the lactic acid bacterial counts, log(cfu/g) as a function of the method of thawing of MDB. ZERO = results after one day, C = carton packaging and V = vacuum packaging, e.g. 12CW = carton packaging after 12 weeks' storage. Mean values of three replicates carried out in duplicate.
lent fresh meat, leading for this reason to a shorter shelf life. Puolanne and Kukkonen (16) studied the effects of freezing of meat on the water-binding capacity of cooked sausage. Lean ground beef was frozen in plastic bags and thawed at room temperature (20°C/1 hour), at +4°C temperature (10 hours) and in a microwave oven (2-3 min). Thawing at room temperature was significantly the poorest method. This is in agreement with the results of this work, in which it was concluded that micro- wave thawing was the best alternative of the techniques used. The vacuum-packaged samples showed the least changes. Microwave irradiation has the potential to accelerate the thawing process, preferably in a continuous operation. However, the fear of localized overheating has limited the application of microwave thawing to food systems which require larger manufacturing volumes.
